Effects of monomethylfumarate on dendritic cell differentiation.
Fumaric acid esters (FAE) are effective against psoriasis vulgaris and monomethylfumarate (MMF) is believed to be the most bioactive metabolite of this medication. Earlier we found that the beneficial effects of FAE medication are accompanied by a downregulation of type 1 cytokine production by T-helper (Th) lymphocytes, which are important as they maintain a type 1 cytokine [interferon (IFN)-gamma, interleukin (IL)-2] environment in the skin lesions of psoriasis vulgaris patients and once maximal beneficial effects are obtained type 2 cytokine production is also decreased. In vitro MMF selectively induced type 2 cytokine production by primed Th lymphocytes, whereas type 1 cytokine production by and profileration of T lymphocytes were unaffected. As dendritic cells (DCs) present in these skin lesions play a key role in the activation of Th lymphocytes, we investigated the effects of MMF on monocyte-derived DC differentiation. Monocytes were differentiated into immature (i) DCs by cytokines with or without MMF. To establish whether these cells were differentiated into iDCs, we analysed the expression of cell surface molecules on these cells and the capacity to capture antigens using flow cytometry. Next, we determined whether these MMF-incubated (MMF-)iDCs could be matured by lipopolysaccharide (LPS) and whether MMF affected this responsiveness as well. For this purpose we measured cytokine production by these LPS-stimulated cells (MMF-DCs) using enzyme-linked immunosorbent assays as well as their ability to activate naive Th lymphocytes. The presence of MMF during the differentiation of monocytes into iDCs resulted in cells that retained low levels of CD14 and hardly expressed CD1a. Upon maturation, these MMF-iDCs upregulated CD83 and costimulatory molecules and HLA-DR on their surface, indicating that these cells respond to LPS, albeit less than control iDCs. In addition, in response to LPS, MMF-iDCs did not decrease the capacity to capture antigens when compared with control iDCs. MMF-DCs hardly produced IL-12p70 and IL-10 and low levels of tumour necrosis factor (TNF)-alpha, whereas IL-8 produced by MMF-DCs and control DCs did not differ. Moreover, MMF-DCs were less able to induce IFN-gamma production by naive Th lymphocytes compared with control DCs. The production of IL-4 and IL-10 by naive Th lymphocytes cocultured with MMF-DCs did not differ from that by T cells cocultured with control DCs. MMF inhibited the monocyte-derived DC differentiation resulting in cells that cannot be appropriately matured to DCs. Consequently, these MMF-DCs are less effective than control DCs in stimulating type 1 cytokine, but not type 2 cytokine production, in Th lymphocytes. This general immunomodulatory effect may in part explain the beneficial effects of FAE therapy in psoriasis.